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ABSTRACT 

We present deep, narrow-band and continuum images of the powerful high-redshift 
radio galaxy 3C 265 (z=0.811), taken with the TAURUS Tunable Filter on the William 
Herschel Telescope, together with detailed long-slit spectroscopic observations along 
the axis defined by the UV/optical emission elongation. The deep images reveal the 
existence of cones in the ionization structure of 3C 265 within arcsec (58 kpc) of the 
nucleus, where the emission-line structure is not observed to be closely aligned with 
the radio axis. This indicates that anisotropic illumination from the central active 
nucleus dominates on a small scale. In contrast, at larger distances (<) 10 arcsec; 80 
kpc) from the nucleus, low-ionization emission gas is closely aligned with the radio 
axis, suggesting that jet-cloud interactions may become the dominant mechanism in 
the line-emitting gas on a larger scale. Moreover, the presence of a high-velocity cloud 
at 2.5 arcsec from the nucleus, close to the radio axis, indicates that even close to the 
nucleus (~20 kpc) jet-induced shocks have an important kinematic effect. However, 
spectroscopic analysis of this region reveals that the ionization state of the high- 
velocity gas is similar to or higher than that of the surroundings, which is opposite 
to what we would expect for a cloud that has been compressed and accelerated by 
jet-induced shocks. 

Our images show that, while on a large scale the low-ionization emission-line struc¬ 
tures are aligned with the radio axis, on a smaller scale, where AGN-photoionization 
dominates, the highest surface-brightness structure is aligned with the closest compan¬ 
ion galaxy (misaligned with the radio axis). This suggest that much of the emission¬ 
line structure reflects the intrinsic gas distribution, rather than the ionization pattern 
imprinted by the radio jets or by illumination from the central AGN. 

Overall, our results underline the need for a variety of mechanisms to explain the 
properties of the extended emission-line gas in the haloes of radio galaxies. 

Key words: galaxies: active — galaxies: individual: 3C 265 — galaxies: structure 
galaxies: jets — galaxies: kinematics and dynamics. 


1 INTRODUCTION 

One of the most important issues concerning radio galax¬ 
ies is the dominant ionization mechanism of the extended 
line-emitting gas in these sources. These emission-line re¬ 
gions extend large distances from the nucleus, and provide 
important information about both the origin of the activ¬ 
ity and the origin of the extended gas. However, the main 
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physical processes affecting the properties of the extended 
emission-line regions (EELR) are not fully understood. 

The two most accepted models are: a) photoioniza¬ 
tion by the central active galactic nucleus (AGN), and b) 
shock-ionization by the interactions between the radio- and 
line-emittin g structures, the so-called ‘jet-cloud interaction’ 
model. (See Tadhunter 2001 for a review.) 

While most (but not all) low-redshift radio galaxies ap¬ 
pear to be consistent with AGN-photoionization, as we move 
to higher redshifts there is increasing evidence for shocks. 
Many distant radio galaxies present h ighly disturbed kine- 
matics, mostly along the radio axis (McCarthy, Baum & 
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Spinrad 1996), and highly collimated optical/UV structures 


aligned along the radio ax is (McCarthy et al. 1987; Best 
Longaii & Rottgering 1996). 


In addition to the general alignments, detailed study of 
a sample of z~l radio galaxies has revealed a strong evolu¬ 


tion of the emission-line properties with radio size (Best 


3C368), 3C265 is not a good example of the alignment ef¬ 
fect. The rest-frame UV emission is misaligned by approxi¬ 
mately 35° relative to the radio axis. Nevertheless, this mis¬ 
alignment is still consistent with the large half-opening an¬ 
gles (~ 45° - 60°) for the ionization c ones predicted by the 
unified schemes for radio sources (e.g. Barthel 1989). 


Rottgeiing & Longair 2000): the emission-line regions of 


small radio sources show disturbed kinematics and emission- 


3C265 presents strongly polarized rest-frame UV con¬ 
tinuum and broad Mgll AA2799 emission, with the polariza- 


radio sources anoear more quiescent and present emission- 

UV emission rather than to the radio axis (lannuzi & El- 

line rat 

ios consistent with AGN-nhotoionization. However. 

ston 1991 

; Dey & Spinrad 1996; 

di Serego Alighieri et al. 

recent 1 

inematic studies of a sample of z 0.8 radio galaxies 

1991). This provides strong evidence for the extended gas 


have provided evidence that shocks have an important effect 
on the emission-line properties in all sources, even those in 
which the radio structures ar e on a much larger scale than 


the em ission- line structures (Solorzano-Inarrea, Tadliuntei 


& Axoi 2001). 

It seems clear that a combination of both AGN- 
photoionization and shock-ionization is required to explain 
the observed properties in the emission-line regions of radio 
galaxies over the whole range of redshifts and radio power. 
However, the balance between these mechanisms is not yet 
clear. In order to address this issue, we require complete 
maps of both the kinematics and ionization structure in the 
extended haloes of radio galaxies, and not only spectroscopic 
studies along a preferred direction (e.g. radio axis), which 
offer a limited view of the properties of the emission-line 
gas in these sources. To this end, in this paper we present 
deep emission-line imaging of the powerful high-redshift ra¬ 
dio galaxy 3C265, taken with the TAURUS Tunable Filter 
(TTF), which are aimed at determining the dominant phys¬ 
ical mechanisms. While the published ground-based images 
of high-redshift radio galaxies are relatively shallow, and the 
higher-resolution Hubble Space Telescope (HST) images are 
insensitive to low-surface brightness structures, the TTF is 
sensitive enough to detect faint structures in the galaxy halo. 
In addition, the TTF also allows a narrow bandpass, which, 
for o ur observations, was tuned to observe the high-velocity 


gas (Tadhunter 1991), as well as the unshifted component, 


therefore permitting a two-dimensional kinematic analysis 
of the galaxy. 

To supplement the TTF images, we also present 
long-slit spectroscopic observations of 3C265 taken along 
PA 145°, the axis defined by the UV/optical emission elon¬ 
gation. P reliminary results of these observations were pre¬ 


sented in Tadhunter (1991), Here we present a more detailed 
analysis. 

Throughout this paper a Hubble constant of Ho = 50 
km s -1 Mpc -1 and a density parameter of fio = 1 are as¬ 
sumed, resulting in an angular scale of 8.25 kpc arcsec -1 for 
3C265. 


2 PREVIOUS OBSERVATIONS OF 3C 265 

3C265 is a large (78 arcsec; 643 kpc ) radio source, wit h 
a redshift z=0.811 (see radio map in Fernini et al. 1993). 


Its extreme emission-line luminosity — an order of magni¬ 
t ude brighter tha n other radio galaxies at the same redshift 
(McCarthy 1988) — makes 3C265 unique for the study of 
emission-line properties in distant radio galaxies. 

Unlike other powerful high-z radio galaxies (e.g. 


being illuminated by a powerful hidden quasar in the nu¬ 
cleus of 3C265. In addition, a more recent analysis of the 
ionization state of the emission-line gas in 3C 265 shows that 
the near-UV emission-line ratios are consistent with AGN- 
photoionization (Best et al. 2000). Therefore, at first sight, 
3C 265 appears to be one of the best high redshift examples 
of an object d ominated by AGN- photoionization. 

However, Tadhunter (1991) reports the discovery of 
high-velocity gas in the extended emission-line region of 
3C265. The presence of this high-velocity gas suggests that 
jet-induced shocks may also contribute to the ionization of 
the ambient gas at some level. 


3 OBSERVATIONS, DATA REDUCTION AND 
ANALYSIS 

3.1 Optical spectroscopy 

Long-slit spectroscopic observations were carried out on the 
night 23/01/91, using the red arm of the ISIS double spec¬ 
trograph on the 4.2m William Herschel Telescope (WHT) on 
La Palma (Spain). The EEV2 CCD detector was used, giv¬ 
ing a pixel scale of 0.327 arcsec/pix. The 2.16 arcsec slit was 
oriented along the axis defined by the elongation of the op¬ 
tical/UV emission (PA 145°), roughly perpe ndicular to the 
observed B -band polarization position angle (Jannuzi & El¬ 
ston 1991), and misaligned by ~ 35° relative to the radio 
axis. Two individual spectra were coadded to produce a sin¬ 
gle spectrum with a exposure time of 3600 seconds. D etails 


of the observations are presented in Tadhunter (1991) 


The reduction of the long-slit spectra was performed 
using the IRAF software package, following the usual steps: 
bias-subtraction, cosmic-ray removal, flat-fielding, wave¬ 
length calibration, atmospheric extinction correction, flux 
calibration and sky subtraction. A relative flux calibration 
error of ~9 % across the wavelength range was found by 
comparing different spectrophotometric standard star ob¬ 
servations. After the basic reduction procedure, the two- 
dimensional spectra were corrected for any distortion along 
the spectral direction, using the Starlink FIGARO pack¬ 
age. Finally, the spectra were shifted to the rest frame of 
the galaxy before the analysis. Then, the extracted one¬ 
dimensional spectra were analysed using the Starlink DIPSO 
spectral analysis package. Gaussians were fitted to the 
emission-line profiles. The measured linewidths were cor¬ 
rected for the spectral resolution of the instrument, which 
was derived using the night-sky and arc lines, and found to 
be 15.60±0.16 A. Since the airmass during the observations 
of 3C265 was 1.03, the effects of differential atmospheric re¬ 
fraction can be neglected. The data have not been corrected 
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Blocking Filter 

a c (A)/aa(A) 

Etalon 

a c (A)/aa(A) 

t'exp 

00 

Surface Brightness Limit 

(erg cm -2 s —1 arcsec -2 ) 

Seeing (FWHM) 

(arcsec) 

Continuum 

8122/330 


2x900 

~ 3 x lO” 17 (*) 

1.17±0.10 

[Oil] low-vel. 

6682/210 

6742/20 

2x900 

~ 1 x lO" 17 

1.16±0.05 

[Oil] high-vel. 

6682/210 

6769/20 

900 

~ 1.6 x 10 -17 

1.20±0.06 

[OIII] low-vel. 

9094/400 

9052/36 

2x900 

~ 1.6 x lO” 17 

1.18±0.06 

[OIII] high-vel. 

9094/400 

9090/36 

2x900 

~3x io - 17 

1.07±0.09 


Table 1. Log of the TTF imaging observations for 3C265. The second and third columns give the central wavelength/bandwidths for 
the blocking filters and the etalon, respectively. (*) Total surface brightness integrated across the bandwidth of the broad-band filter 
(330A). 


for Galactic reddening, given that 3C265 does not have a 
low Galactic latitude, and therefore the extinction due to 
dust in our Galaxy is not large [E(B-V)=0.023 mag; taken 
from NASA/IPAC Extragalactic Database (NED)]. 


cleus, increasing to ±40 % at distances of 7 to 10 arcsec from 
the nucleus. The surface brightness of the faintest structures 
visible in the images is given in Table 1. 


3.2 Optical imaging 

Emission-line and continuum observations of 3C 265 were 
taken on the night 22/01/98 using the TTF on the WHT on 
La Palma (Spain). A full description of the TTF is given in 
Bland-Hawthorn & Jones (1998a,b). Use of the f/2 camera 
of TAURUS and the Tek5 CCD detector resulted in a pixel 
scale of 0.557 arcsec/pix. A log of the observations is pre¬ 
sented in Table 1. The etalon was tuned to the redshifted 
wavelengths of the low- and high-velocity componen ts of 
both [OII1A A3727 and f OIIIl A 5007 emission lines (see Tad- 
hunter 1991 and Section 4.2.2 for details of the shifted com¬ 


ponents). Observations of the spectrophotometric standard 
star SP1337±705 and dome flats were taken at each wave¬ 
length setting. Estimates of the seeing FWHM were derived 
by fitting the spatial profiles of several stars in the field. No 
significant variations in the seeing were found between the 
different filter observations (see Table 1 for details). 

The reduction of the TTF images was performed using 
IRAF and following the usual steps. After subtracting the 
bias (using the overscan region), the images were divided by 
the corresponding normalized flat-field frame, and cosmic 
rays were manually removed using the task IMEDIT. The 
different filter images were registered to a reference image 
(chosen to be that with the lowest airmass) to an accuracy 
of better than 0.1 pixels, using several stars in the frames 
(task IMALIGN). Those images taken with the same wave¬ 
length setting were coadded together. The resulting frames 
were corrected for atmospheric extinction, flux-calibrated 
and sky-subtracted. Because only one spectrophotometric 
standard star was observed during the 3C 265 observations, 
absolute flux calibration errors could not be estimated di¬ 
rectly from the TTF images. To estimate the uncertainty 
in the flux calibration, we compared the reduced TTF im¬ 
ages with the long-slit spectra along PA 145°, by simulating 
the position and width of the slit on the TTF frames. It was 
found that the [Oil] / [OIII] line ratio obtained from the TTF 
images agreed with that derived from the long-slit spectra 
to within ±15 % for radii less than 7 arcsec from the nu- 


4 RESULTS 

4.1 Optical spectroscopy 

4-1-1 Emission-line kinematics 

Kinematic studies of the line-emitting gas i n 3C265, based 
on long-slit spectroscopic observations (e.g. Dey & Spinrad 


199f), show an ordered velocity profile with small velocity 
shifts (AvfS 300 kms -1 ) relative to the nucleus, at least for 
the strongest emission-line components. This is consistent 
with gravitational motions in the po t ential of a single galaxy 
/|hadhunterJosbury fe Quinn 198£ ; Baum, Heckman & van 
Brcugcl 1990|) . 


Our reanalysis of the data presented in 


Tadhunter 


(1991) shows that the emission-line profiles can be fitted 


by single Gaussians in the north-western EELR, but in 
the nucleus and south-eastern EELR the profiles are more 
complex (see Fig. [I]). The observed broad wings to the 
[OIII] AA4959,5007 profiles in these regions show the exis¬ 
tence of an underlying broad component in addition to the 
narrow component present in the nucleus and the two SE 
regions, as well as a high-velocity narrow component which 
is strongest in the SE-1 EELR — region studied by Tad- 
hunter (1991). In Fig. ^ we show the [OIII] emission-line 
profiles (solid line) of the SE-1 region where the split com¬ 
ponents are observed, corresponding to a 1.63x2.16 arcsec 2 
aperture centred at 1.5 arcsec south-east of the continuum 
centroid. Initially, a two-component Gaussian fit for each 
line of the doublet was considered, but the emission-line 
profiles could not be reproduced by this fit. Thus, a three- 
component Gaussian fit was considered (dot-dashed-dot) to 
fit the red broad wing seen in the [OIII] line, suggestive of 
the existence of an underlying broad component. The total 
fit is indicated by a dashed line. At the location of the split¬ 
ting, this best fit consists of a blue-shifted low-velocity com¬ 
ponent at -222±3 kins -1 , a red-shifted high-velocity com¬ 
ponent at ±800±11 kms -1 , and a very broad red-shifted 
underlying component with a velocity of ±500±100 kms -1 
and a linewidth of 2000±180 kms -1 (FWHM). This provides 
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3C 265 : South-Eastern EELR (SE-2) 


Zoom SE—2 



3500 4000 4500 5000 4950 5000 

Rest Wavelength (A) Rest Wavelength (A) 


3C 265 : South-Eastern EELR (SE— 1) Zoom SE—1 



3500 4000 4500 5000 4950 5000 

Rest Wavelength (A) Rest Wavelength (A) 


3C 265 : Nucleus Zoom Nucleus 



3500 4000 4500 5000 4950 5000 

Rest Wavelength (A) Rest Wavelength (A) 


3C 265 : North-Western EELR (NW-1) Zoom NW-1 



3500 4000 4500 5000 4950 5000 


Rest Wavelength (A) 


Rest Wavelength (A) 


3C 265 : North-Western EELR (NW-2) Zoom NW-2 



3500 4000 4500 5000 4950 5000 

Rest Wavelength (A) Rest Wavelength (A) 



Figure 1. Integrated spectra of the different regions in 3C265, together with a zoom of the [OIII] doublet, and 2-D spectrum showing 
the doublet [OIII] AA4959,5007 (4925 - 5047 A, 25.5 arcsec along the PA 145° slit). 
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Line 

SE-2 EELR 

(3".8 SE) 

SE-1 EELR 

(1".5 SE) 

low-vel. high-vel. 

Nucleus 

(0".3 NW) 

NW-1 EELR 

(2". 4 NW) 

NW-2 EELR 

(5".0 NW) 

[NeV]A3346 . 


0.27i0.04 

0.40i0.15 

0.24i0.02 

0 . 11 i 0.02 


[NeV]A3426 . 

<0.37 

0.75i0.11 

l.lli0.43 

0.67i0.04 

0.31i0.03 

< 0.21 

[OIIJAA3727 . 

2.20T0.46 

1.85i0.19 

1.18i0.36 

2.OliO.10 

2.24i0.17 

2.16i0.30 

[NeIII]A3869 . 

0.94i0.21 

0 . 86 i 0.10 

0.99i0.38 

0.77i0.04 

0.77i0.06 

0.64i0.09 

H8+Hcl3886 .... 

0.27i0.10 

— 

— 

0.21i0.03 

0.15i0.03 

0.12i0.04 

[NeIII]A3967 . 

0.30i0.07 

0.27i0.03 

0.31i0.12 

0.24i0.02 

0.24i0.02 

0.20i0.03 

11.) . 

— 

0.23i0.05 

— 

0.24i0.02 

0.26i0.03 

0.16i0.05 

H 7 . 

— 

0.49i0.07 

— 

0.45i0.03 

0.37i0.04 

0.37i0.09 

[OIII]A4363 . 


0.24i0.05 

— 

0 . 20 i 0.02 

0.17i0.03 

0.25i0.07 

Hell A4686 . 

— 

0.32i0.07 

— 

0.27i0.04 

0.17i0.05 

— 

H/3 . 

1 . 00 T 0.21 

l.OOiO.ll 

1.00i0.29 

1.00i0.05 

1.00i0.08 

1.00i0.14 

[OIII]A4959 . 

3.85T0.88 

3.62i0.40 

2.74i0.86 

3.54i0.23 

3.16i0.25 

2.44i0.36 

[OIIIJA5007 . 

12.57i2.66 

10.86il.19 

8.21i2.58 

11.51i0.61 

9.88i0.76 

7.88il.l0 


H/3 flux 

( 10 -16 erg cm -2 s _1 ) 

1.76i0.36 

3.71i0.39 

1.12i0.33 

11.50i0.58 

6.69i0.51 

3.73i0.52 

[OIIIJA5007 Velocity 
(kms -1 ) 

-90i8 

-222i3 

i800ill 

il 0 i 2 (*) 

i61i2 

il76i5 


Table 2. Emission-line fluxes of 3C265, including the south-eastern EELR ‘SE-2’ (2.94x2.16 arcsec 2 aperture centred at 3.8 arcsec 
SE of the continuum centroid), the south-eastern EELR ‘SE-1’ (1.63x2.16 arcsec 2 aperture centred at 1.5 arcsec SE of the continuum 
centroid), the nucleus (1.96x2.16 arcsec 2 aperture centred at 0.3 arcsec NW of the continuum centroid), the north-western EELR ‘NW- 
1’ (2.29x2.16 arcsec 2 aperture centred at 2.4 arcsec NW of the continuum centroid) and the north-western EELR ‘NW-2’ (2.94x2.16 
arcsec 2 aperture centred at 5.0 arcsec NW of the continuum centroid). The velocity of the [OIIIJA5007 emission-line for each aperture 
with respect to the velocity at the continuum centroid is also given. These velocities correspond to the main, narrow component of 
the fit. 



Figure 2. [OIII] AA4959,5007 emission-line profiles (solid line) 
from the long-slit spectrum: 1.63x2.16 arcsec 2 aperture centred 
at 1.5 arcsec SE of the continuum centroid. The multicomponent 
Gaussian fits (dot-dashed-dot lines) and the total fit (dashed line) 
are also plotted. 


a better fit than t he three narrow components suggested by 
Tadhunter (1991). The velocity shifts of the three compo¬ 
nents are given with respect to the velocity at the contin¬ 
uum centroid. The low- and high-velocity components have 
linewidths close to the spectral resolution limit. 


4-1.2 Emission-line spectra 


Integrated spectra of five spatial regions along the slit for 
3C265, together with a two-dimensional spectrum showing 
the [OIII] AA4959,5007 doublet, are presented in Fig. [I]. The 
integrated fluxes of the observed emission-lines in these re¬ 
gions, normalized to the corresponding observed-frame H (3 
flux, are given in Tabic The line ratios have not been cor¬ 
rected for intrinsic reddening, given that the intensities of 
H<5 and H 7 relative to H/3 are not significantly lowe r than 
expected for Case B recombination ( |Osterbrock 1981 ), sug¬ 
gesting that the intrinsic reddening is not large. 


4.2 Optical imaging 
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a) [Oil] - Continuum 


b) [Olll] - Continuum 



c) Continuum 

Figure 3. TTF images of 3C265: a) [OIIJAA3727 emission-line image for the low-velocity component; b) [OIII]A5007 emission-line image 
for the low-velocity component; c) Continuum image centred on (rest-frame) 4485 A. On the basis of examination of high resolution 
HST images, the objects detected in the continuum image (c) have been classified into galaxies (G) and stars (S). All three images cover 
50.13 arcsec (414 kpc) in both directions. The galaxy continuum centroid is indicated by a white ‘x’, and the solid line represents the 
radio axis. 


4-2.1 Emission-line and continuum structures 

Fig. [i| presents deep [OII]AA3727 , [OIII]A5007 and contin¬ 
uum images of 3C 265, showing the spectacular emission 
structure of this object. The galaxy continuum centroid is 


indicated by a white 'x , and the solid lines represent the 

axes of the large scale radio emission on olilior side of the 


scaled to the [Oil] image according to the corresponding 
bandwidths of the broad-band filter and etalon, respectively. 
It can be seen that the emission extends over more than 35 
arcsec (290 kpc) a cross the galaxy, co nfir ming previous re¬ 
sults presented by jRigler et al. (1992) and McCarthy, Spin- 


rad & van Breugel (1995). On the eastern side of the galaxy 


nucleus (Fernini et al. 1993). 

Image (a) shows the continuum-subtracted [Oil] 
emission-line structure for the low-velocity component. Be¬ 
fore the continuum subtraction, the continuum image was 


the [Oil] emission extends up to approximately 20 arcsec 
(165 kpc) from the centre of the galaxy, and is closely aligned 
along the radio axis on a large scale, between 10 and 20 arc¬ 
sec (82 - 165 kpc) from the nucleus. However, closer to the 
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nucleus, no clear alignment can be observed between the 
emission and radio structures. In fact, within a radius of 10 
arcsec the highest surface-brightness [Oil] emission appears 
to be misaligned by ~30 - 40° with respect to the radio 
axis. Note also the presence of significant flux perpendicular 
to the radio axis in the central regions (r < 7 arcsec; 58 
kpc). 

Of particular interest is the ‘hole’ in the emission struc¬ 
ture located between 10 and 12 arcsec (82 - 100 kpc) along 
the radio axis on the eastern side of the nucleus. Note the 
remarkable coincidence of the hole lying exactly on the radio 
axis, suggesting that it is due to the passage of the radio jet 
through the cloud. Faint linear features can also be noticed 
along the radio axis at ~13 arcsec (107 kpc) to the east of 
the nucleus, and possibly at ~7 arcsec (58 kpc) to the west 
of the nucleus. 

The continuum-subtracted [OIII] emission-line struc¬ 
ture for the low-velocity component is presented in image 
(b). The continuum subtraction was performed in the same 
way as for the [Oil] image. The emission structure in [OIII] 
is much more centrally concentrated than the [Oil] struc¬ 
ture (this is not due to the relative depth of the images). 
The high-surface-brightness structures do not show a clear 
alignment with the radio axis. Only a faint [OIII] emission 
region can be seen along the radio axis, ~18 arcsec (150 
kpc) to the east of the nucleus. There are indications that 
the possible linear feature observed in the [Oil] image at ~7 
arcsec (58 kpc) to the west of the nucleus, may be also de¬ 
tected at the same location along the radio axis in the [OIII] 
structure. 

It can be seen that the [Oil] and [OIII] emission-line 
structures are consistent with a large (~ 60°) half-opening 
angle for the ionization bicone predicted by the unified 
schemes. However, in both images, significant flux is also 
detected outside the cones, perpendicular to the radio axis, 
in the nuclear regions. Note also the apparent “hollowing 
out” of the cones, which could be the result of outflows in¬ 
duced by the central AGN. A similar edge-brightened bicon- 
i cal structure is seen o n a much smaller scale in CygnusA 
(Tadhunter et al. 199£). 

Image (c) shows the continuum emission of 3C 265. The 
central (rest-frame) wavelength of the filter was 4485 A, with 
a bandwidth of 330 A. Therefore, any important emission¬ 
line contamination was avoided. This image shows a cen¬ 
tral compact galaxy, with a companion galaxy at 5 arcsec 
(41 kpc) to the no rth-north-west, which is also det ected 
in infrared images (Best, Longair & Rottgering 1997) and 
presents colours consistent with the same redshift as 3C 265 
(Best, private communication). The bright galaxy at 12 arc¬ 
sec to the east of 3C 265 is a foregro und elliptical galaxy at 
redshift z=0.392 (Smith et al. 197£). There is also a faint 
galaxy at ~11 arcsec (90 kpc) to the east of the nucleus, 
coincident with the emission-line structures aligned along 
the radio axis. The colours of this galaxy do not give an 
unambiguous estimate of its redshift: it could be either at 
the redshift of 3C 265 or at the redshift of the brighter fore¬ 
ground elliptical galaxy (Best, private communication). 


4-2.2 Emission-line kinematics: high-velocity gas 

As mentioned above (Section |l.l.l|), we find that the kine¬ 
matic structure of 3C265 to the south-east of the nucleus 



Figure 4. Image of 3C 265 showing the ratio between the low- and 
the high-velocity components to the [OUT] A5007 emission line. 
The high-velocity gas is represented by white. The continuum 
centroid is indicated by a ‘x’, and the solid line represents the 
radio axis. Note the close alignment between the high-velocity 
cloud to the east of the nucleus, and the radio axis. 


along PA 145°, can be resolved into three components: two 
narrow split components, moving at -222 and +800 kms -1 
relative to the continuum centroid, and a very broad com¬ 
ponent with a velocity shift of +500 kms -1 . Our new TTF 
images provide more information about the location of the 
+800 kms -1 high-velocity cloud. 

In Fig. y we show the ratio between the low- (-222 
kms -1 ) and the high- (+800 kms -1 ) velocity filter images 
for the [OIII]A5007 emission line. The high-velocity gas is 
represented by white, and black indicates where the low- 
velocity component dominates. The solid line represents the 
radio axis and the continuum centroid is indicated by a ‘x’. 
Although the wavelength overlap in the Lorentzian profiles 
of the TTF at the two etalon settings precludes the determi¬ 
nation of an accurate flux ratio for the high- relative to the 
low-velocity component, this image does allow the spatial 
position of the high-velocity component to be determined 
accurately. 

We find that the high-velocity cloud has a spatial extent 
of (1.7+0.3) x (2.2+0.3) arcsec 2 (14x18 kpc 2 ) and is centred 
at 2.46+0.13 arcsec (20 kpc) SE of the continuum centroid 
of the galaxy, along PA 101.9°+2.0°. Given that the radio 
axis is al ong PA 112.0°+ 0.5 ° on the eastern side of the radio 
core (see Fernini et al. 1995 for radio map), we find that the 
centroid of the high-velocity cloud is located at a (perpendic¬ 
ular) distance of 0.43+0.09 arcsec (3.5 kpc) north from the 
radio axis, subtending from the galaxy continuum centroid 
an angular offset of 10.1°±2.0° from the radio axis on the 
eastern side of the nucleus. This close alignment strongly 
suggests that the high-velocity gas is associated with the 
radio jet axis. 
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Figure 5. Left: Image of 3C265 showing the [OIIJAA3727 / [OIIIJA5007 line ratio for the low-velocity component. White indicates 
high ionization, and black indicates low ionization. The continuum centroid and the radio axis are indicated by a ‘x’ and a solid line, 
respectively. Right: Azimuthal profile of the line ratio [Oil] /[OIII] in 3C265 (evaluated between 2.23 and 3.34 arcsec distance from the 
nucleus). The vertical dashed lines represent the radio axes. 


4-2.3 Ionization 

An ionization map of 3C265 is shown in Fig. [E| (left). 
This image is the ratio between the [OII]AA3727 and the 
[OIII]A5007 images, for the low-velocity component. White 
indicates high ionization, and black corresponds to low ion¬ 
ization. The continuum centroid and the radio axis are in¬ 
dicated, as in previous figures, by a ‘x’ and a solid line, 
respectively. 

The ionization state of the nucleus is high, and decreases 
with radius from the centre. At radii smaller than 7 arcsec 
(58 kpc) from the centre, the ionization structure has a ‘but¬ 
terfly’ shape, which is consistent with a bicone of 60° ±10° 
half-opening angle, predicted by the unified schemes. Within 
the bicone, the ionization decreases near the edges, and 
keeps decreasing in the regions lying outside it. Note the 
presence of low-ionization material located perpendicular to 
the radio axis, about 4 arcsec (33 kpc) to the north and 
south of the nucleus. 

Fig. 1 (right) shows the azimuthal profile of the line 
ratio [Oil]/[OIII], extracted from the ionization map and 
evaluated between 2.23 and 3.34 arcsec (18 - 28 kpc) dis¬ 
tance from the nucleus. The vertical dashed lines represent 
the radio axis. This plot shows how strongly the ionization of 
the emission-line gas varies as a function of position angle. A 
very strong change in the ionization ratio is apparent moving 
away from the radio axis, showing clear evidence for ioniza¬ 
tion cones with half-opening angle of ~50°- 65°. The ioniza¬ 
tion state within the cones is high (0.1 ^ [Oil]/[OIII] < 0.3), 
and decreases sharply towards the edges. It can be seen 
that gas with lower ionization state is present outside the 
cones around the position angles 20° and 200°, with line ra¬ 
tios of [Oil]/[OIII]~0.5 and [OII]/[OIII]~0.8, respectively. 
It is striking that the low-ionization peaks are separated by 
~180°, and the radio axes on either side of the nucleus are 
roughly mid way between the peaks. 

On the other hand, as we move to larger distances from 


the central region, the ‘butterfly’ shape in the ionization 
map vanishes, and only low-ionization emission regions can 
be seen in the structure. The low-ionization gas extends up 
to 15 arcsec (124 kpc) to the north-west and, on the eastern 
side, is closely aligned along the radio axis, extending up to 
a radius of ~24 arcsec (200 kpc). 

In addition, Fig. ^ resolves the long-standing issue con¬ 
cerning th e optical/UV misalignm ent with the radio axis 
in 3C265. Dey & Spinrad (1996) suggested that this mis¬ 
alignment may be due to a misalignment between the axis 
of the quasar illumination cone and the radio axis, which 
would have important implications for the understanding of 
AGN. However, 3C265 clearly possesses a broad (~60° half¬ 
opening angle) ionization cone, aligned with the radio axis, 
and therefore the optical/UV misalignment must be due to 
the intrinsic matter distribution. 


5 DISCUSSION 


5.1 The dominant ionization mechanism 

As discussed in the introduction, spectroscopic and polari- 
metric studies provide clear evidence for AGN-illumination 


in the extended gas of 3C 265 (e.g. ii Serego Alighieri et al 


199C). This is also supported by a more recent analysis of 


the ionization state of the extended gas of 3C 265, based on 
long-slit spectroscopic observations, which shows that the 
near-UV emission-line ratios are consistent with photoion¬ 
ization by the central active nucleus (Best et al. 2000). 

Our results reinforce the evidence for AGN illumina¬ 
tion in the central regions of 3C265. The [OII]AA3727 and 
[OIII]A5007 images, presented in Fig. show that the main 
central structure is elongated along PA 145°, and misaligned 
with the radio axis by approximately 40°. The emission-line 
structure is consistent with anisotropic illumination by the 
quasar which illuminates the ambient gas within the pre- 
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dieted onization cones. In this case, the cones are edge- 


brightened with a large (~60°± 10°) half-opening angle. 
Further evidence for anisotropic illumination is given by the 
ionization map presented in Fig. which shows the ‘butter¬ 
fly’ shape of the ionization structure in the central region, 
suggesting the existence of the predicted cones. The high 


Baum & Spinrad (1996) of that region, are not of sufficient 


ionizati m state of the gas within the cones is also clear from 


this image. 

We noted in the previous section the presence of gas out¬ 
side the putative ionization cones, perpendicular to the ra¬ 
dio axis on both sides of the nucleus, and our line ratio map 
shows that it has a low ionization state [see Fig. [E] (left)]. The 
nature of this emission-line gas cannot be explained in terms 
of anisotropic illumination from the central active nucleus, 
but other possibilities can be considered. These include: ion¬ 
ization by some back-scattered light from within the cones; 
photoionization by stars; shock-ionization as a result of the 
interactions be tween streams of gas during a merger or ac¬ 
cretion event (Koekemoer 1991); and shock-ionization due 
to the lateral expansion of the radio cocoon. 

Moving to larger distances from the nucleus (>10 arc- 
sec; 80 kpc), the [Oil] emission-line structure is much more 
tightly aligned with the radio axis [see Fig. [l] (a)], which 
is not expected on the basis of illumination by th e broad 
radi atio n cones predicted by the unified schemes (Barthel 
198S |). | 0n this scale, the close alignment and high collima- 
tion of the structure is similar to that observed in objects 
like 3C266, 3C324 and 3C368, in which shock-ionization is 
suspected (Best et al. 2000). Indeed, such close alignment 
of low-ionization gas with the radio axis is in agreement 
with the jet-cloud interaction model. The passage of the ra¬ 
dio jet drives strong shocks into the clouds, which are com¬ 
pressed, ionized and heated; the density of the clouds will 
increase resulting in a lower ionization parameter. As the 
post-shock clouds cool, line radiation will be emitted, par¬ 
ticularly strongly in the low-ionization lines. Detailed studies 
of nearby radio galaxies with jet-cloud interactions revealed 
a large [Oil] /[OII I] line ratio in the shocke d regions (Clark 
et al. 1997, 1998; Villar-Martfn et al. 199£). 

The importance of jet-cloud interactions in the very ex¬ 
tended gas of 3C 265 is also supported by the detection of a 
‘hole’ in the [Oil] extended structure, lying close to the ra¬ 
dio axis, about 11 arcsec (90 kpc) to the east of the nucleus 
[see Fig. (a)], suggesting that this is due to the passage of 
the radio jet through the cloud; and also by the presence of 
faint linear features along the radio axis, at 13 arcsec (107 
kpc) east from the nucleus in the [Oil] image, and possibly 
at 7 arcsec (58 kpc) west from the nucleus in both [Oil] and 
[OIII] images [see Fig. | (a) and (b)]. 

Overall, these results indicate that the ambient gas in 
3C 265 is mainly ionized by the central active nucleus at rel¬ 
atively small distances (7 arcsec; 58 kpc) from the centre 
of the galaxy. However, the situation at larger radii is less 
clear. Because of the r~ 2 fall off in the nuclear radiation held, 
we would expect jet-induced shocks to be relatively more 
important on a large scale. This is supported by the close 
alignments observed on this scale; but high-resolution kine¬ 
matic studies are required to test the idea that this gas has 
indeed undergone a jet-cloud interaction, by searching for 
the expected kinematic signatures of such intera ctions. Un- 
fortunately, the existing spectroscopic studies of McCarthy, 


quality for this purpose. 

Something similar is seen in low-redshift starburst 
galaxies, where photoionization from the central starburst 
source dominates in the inner regions, an d the importance of 
sliock-ionization increases at larger radii (|5hopbcll fe Blanch 


Hawthorn 1996). 


These results also demonstrate that the alignment effect 
can be important on a large scale, even in cases in which 
the alignment is poor on a smaller scale and in which the 
radio structure extends much further than the emission-line 
structures. 

5.1.1 Emission-line ratios 

To study in more detail the ionization mechanism of 
the line-emitting gas, we have compared the emission¬ 
line ratios for different regions in 3C265 with theoreti¬ 
cal predictions of both AGN-photoionization and shock- 
ionization models. The diagnostic diagrams are pre¬ 
sented in Fig. and include the following line ra¬ 
tios: (a) [OIII](5007)/H/3 vs. [Oil] (3727)/[OIII] (5007); (b) 
[OIII](5007)/H/3 vs. [NeV] (3426)/[Neill] (3869); and (c) 
[Oil](3727)/[OIII](5007) vs. [NeV](3426)/[Neill](3869). 

The measured line ratios were derived from the long- 
slit spectra along PA 145°. The points correspond t o the 
five spatial regions defined along the slit (see Section 4.1.2 
for details). Note that the slit was misaligned by ~35° with 
respect to the radio axis. 

The data are compared with various ionization models 
which include: power-law photoionization (solid lines), pho¬ 
toionization including matter-bounded clouds (dot-dash-dot 
line), and shocks including a photoionized precursor (dotted 
lines). Note that simple shock cooling zone models (i.e. with¬ 
out a precursor region) lie outside the diagrams. To gener¬ 
ate the different ionization model predictions we followed the 
same procedure described in Solorzano-Inarrea et al. (2001), 
to which the reader is referred for further references and de¬ 
tails. 

By comparing the three diagnostic diagrams, we see 
that all of the points fall well away from the “pure” shock 
models and within the region occupied by the photoion¬ 
ization predictions, although there is not complete con¬ 
sistency between the diagrams. Note, however, that this 
inconsistency does not rule out AGN-photoioinization be¬ 
cause the models — particularly the mixed-medium mod¬ 
els — could be tuned to improve the fits in the diagrams. 
Similar problems of inconsistency, when comparing line ra¬ 
tios with ionization model predictions, have been found 
for other high-redshift radio galaxies (Solorzano-Inarrea et 
al. 2001). In the case of the outer EELR (small filled 
squares), shock-|-precursor predictions with magnetic pa¬ 
rameter B /y/n = 0 ^Gcm -3 / 2 and shock-velocity in the 
range 400 < v s < 500 kms -1 could also give a reasonable 
fit to those regions; but in all other regions the line ratios 
appear more consistent with AGN-photoionization. 

Note that the nucleus (star) and the low-velocity com¬ 
ponent (filled circle) overlap each other in the three dia¬ 
grams, which indicates that these two regions have a similar 
ionization state. In contrast, the high-velocity component 
(open circle) occupies a different region in the diagrams, 
with the highest ionization among all regions, although the 
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[OII](3727) / [01II](5007) 



[NeV](3426) / [NellI](3869) 



[NeV](3426) / [NellI](3869) 


Figure 6. Diagnostic diagrams for different regions of 3C265, 
including: nuclear region (star), inner SE EELR showing both 
low- (filled circle) and high- (open circle) velocity components, 
inner NW EELR (big filled square), and outer SE and NW EELR 
(small filled squares). Solid lines represent optically-thick power- 
law (F v oc i/ a ) photoionization models (from MAPPINGS) with 
a = —1.0, —1.5 and -2.0, and a sequence in the ionization pa¬ 
rameter (2.5 x 10 -3 < U < 10 _1 ). The dot-dash-dot line cor¬ 
responds to photoionization model s including matter-bounded 


clouds (TO 2 < A m/i < 5) from [fiinel.le. Wilson &: Storchi-| 


Bergma m (1996). The dotted lines represent shocks+precursor 


models from Dopita & Sutherland (1995, 1996), each sequence 
corresponds to a fixed magnetic parameter (B/yTr = 0, 1, 2, 
4 gGcm -3 / 2 ) and a changing shock velocity (150 < v 8 < 500 
kms -1 ). Note that simple shock predictions (without a precur¬ 
sor) lie outside the diagrams. 


errors for this component are also bigger than for the other 
points. 


5.1.2 High-velocity gas 

It seems clear that at small nuclear distances ()$ 7 arcsec) 
the main ionization mechanism is photoionization by the 
central quasar. However, high-velocity gas is detected at 
~2.5 arcs ec (20 kpc) from the centre of 3C265 (see Sec¬ 
tion 4.2.2), within the ionization cone, where the effects of 


AGN illumination should dominate. The projected velocity 
of the fast-moving cloud with respect to that of the sur¬ 
rounding gas is approximately 1000 kms _1 |j. Such a large 
velocity amplitude cannot be caused by gravity of a sin¬ 
gle galaxy (Tadhunter et al. 1989), but could be explained 
in terms o f acceleration by the interaction with the radio 


structures. Tadhunter (1991) suggests that such large veloc¬ 
ity shifts are due to cocoons of material expanding around 
the radio jets, perhaps remnants of the bow-shocks associ¬ 
ated with the passage of the jet. This is strongly supported 
by the location of the high-velocity cloud, which lies close to 
the radio axis (see Fig. kh. Although acceleration by AGN- 
or starburst-induced winds could be considered as an al¬ 


ternative mechanism (e.g. Heckman, Armus & Miley 1990), 
such winds would be expected to produce a broad outflow 
right across the cone, and not localised on the radio axis. 

It is surprising that a galaxy such as 3C265, in which 
the radio source is on a much larger scale that the emission¬ 
line structures, presents signs of jet-cloud interactions. How¬ 
ever, 3C265 is not the only large radio source in which 
these interactions have been detected. Kinematic evidence 
for shock-acceleration has been also found in two other high- 
redshift radio galaxies (3C 34 and 3C 330), in which the radio 
hot spots have passed well beyond the EELR (Solorzano- 
Inarrea et al. 2001). 

Although the high-velocity cloud may have been shock- 
accelerated, that does not necessarily mean that the cloud is 
shock-ionized. It could be accelerated by jet-induced shocks 
but still photoionized by the central active nucleus. In either 
case, if we believe the high-velocity cloud to be accelerated 
as a result of the interaction with the radio structures, the 
density of the cloud will increase because of the compression 
effect of th e shocks (a factor o f 10 to 1000; e.g. Begelman & 
Cioffi 1989; Komissarov 1994), and therefore a lower ioniza¬ 
tion parameter than that of the surroundings is expected. 
However, as discussed in the previous section, this is not ob¬ 
served. The high-velocity gas appears to have similar, if not 
higher, ionization state than the emission-line regions in the 
vicinity. 

If the high-velocity gas is actually the result of the in¬ 
teraction with the radio components, then how can we ex¬ 
plain the high-ionization state and narrow linewidths ob¬ 
served in the line-emitting gas? Assuming that the regions 
behind the shock front are destroyed, we would expect to 
measure weaker low-ionization emission lines, which are 
emitted mainly by the cooling post-shock clouds, resulting 
in a higher-than-expected observed ionization state. Thus, 


t Note that if the high-velocity cloud is undergoing radial motion 
close to the plane of the sky, the deprojected radial velocity of the 
cloud could be much larger. 
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‘matter-bounded shocks’, previously considered for high- 
redshift radio galaxies (Solorzano-Inarrea et al. 2001), could 
be another possible explanation for the high-velocity cloud 
in 3C265. 

Alternatively, since the cloud lies close to the direction 
of the radio axis, it could fall within the narrow cone ( > 10° 
half-opening angle) defined by the blazar beam of the rel¬ 
ativistic jets. The higher ionizing flux density of the beam 
— about an order of magnitude greater than t hat of the 
unbeamed component ( Browne fe Murphy 1987 ) — might 
dominate over the compression effect of the shocks, there¬ 
fore increasing the ionization state of the high-velocity cloud. 
However, given that the compression acr oss a strong radia- 
tive shock could be a fa ctor of >100 (e.g. Begelman fe Cioffi 
198S; Komissarov 1994), it is not clear that the boost in ion¬ 
izing flux density due to the blazar beam would be enough 
to prod uce the high ionization state in the high-velocity gas. 


It i 3 notable that kinematic disturbed components with 


high ionization state have been detected in the nuclear 
regions of several other objects, includi ng the extended 
radio source CygnusA ( Tadhunter 1991), and the com - 
pact radio sources PKS 1549-79 ( [radhuntej^_et^_al^_2001 ]_ 


PKS13 45+12 ( Grandi 1977) and 3C48 (Chatzichristou 
Vander fest & Jaffe 199£). These three latter sources present 


high-ionization emission lines that are unusually broad and 
shifted relative to the low-ionization emission lines. In the 
case of CygnusA, a high-velocity component, with similar 
or higher ionization state than the unshifted component, is 
detected at ~1 arcsec (1.5 kpc) NW of the radi o core and 
located close to the radio axis, just like 3C265 (radhuntei 


1991; T idhunter, Metz & Robinson 1994; Stockton, Ridgway 
& Lilly 


1994). 


In contrast with these sources, detailed studies of the 
jet-cloud interactions on a larger scale (20 - 50 kpc) in 
the powerful radio galaxy PKS 2250-41 have revealed multi- 
component emission-line kinematics: a low-ionization broad 
component, representing material cooling behind the shock 
front; and a high-ionization narrow component, whic h repre- 


sents t he AGN- or s hock-photoionized precursor gas (Villar- 
Martfn et al. 1999| ) . Our long-slit spectra of 3C 265 reveal 
relatively narrow linewidths (<250 kms -1 ) for the high- 
velocity emission-line ga s, sim ilar to those of the low-velocity 
component (see Section 4.1.1). However, in this case, unlike 
for PKS 2250-41, the narrow high-velocity component can¬ 
not represent the photoionized precursor gas, given the high 
velocity of ~1000 kms -1 at which the cloud is moving rel¬ 
ative to the surrounding gas. 

Overall, the existence of fast-moving gas along the ra¬ 
dio axis with higher ionization states than the surrounding 
emission-line gas remains a mystery. No explanation for the 
high ionization state seems entirely satisfactory, and further 
investigation is required for this issue. 


5.2 Intrinsic gas structure 

3C265 is an extreme radio galaxy in terms of luminosity, 
morphology and emission-line properties. Its bizarre optical 
morphology, completely surrounded by emission regions and 
companion galaxies, revealed by HST images, suggests that 
3C265 is undergoin g the process of merging (Longair, Best 
fe Rottgering 1995). More recent analysis of the environ¬ 
ment around 3C265 show that there are indeed companion 


galaxies surrounding 3C2 65, and rev eal that the galaxy lies 
in a cluster environment (Best 2000). 

The continuum image, presented in Fig. |ii] (c), shows 
that the closest companion galaxy, to the nortli-north-west 
of 3C265, aligns along the axis of the highest surface bright¬ 
ness [Oil], [OIII] and UV-co ntinuum emission elongation 
(PA~150°). In Section 4.2.3 it was shown that the ion¬ 


ization cone of the AGN in 3C265 is indeed aligned with 
the radio axis, therefore the optical/UV emission elongation 
must be intrinsic, since there is no reason why the gas would 
not be illuminated symmetrically. This suggests that the gas 
and dust present along the position angle of the optical/UV 
elongation may be associated with an interaction/merger 
involving 3C 265 and this companion. Moreover, both the 
increase of the covering factor due to the extra amount of 
gas along this direction, and the fact that 3 C265 is among 
the most pow erful radio sources known (e.g. Laing, Riley & 
Longair 1983| ) may explain why its emission-line luminosity 


is so extreme. 

It is also intriguing that the next closest galaxy in terms 
of projected distance from the nucleus - 11 arcsec (90 kpc) 
to the east of the nucleus — is aligned with the PA of the 
large scale (<) 9 arcsec; 75 kpc) gas on both sides of the nu¬ 
cleus (PA~120°). If more detailed observations demonstrate 
that this is a genuine companion galaxy, then it is plausible 
that the larger scale emission-line structure also represents 
a gas stream associated with a merging companion. In this 
case, the large scale elongation in the gas distribution along 
the radio axis may be intrinsic, rather than a consequence 
of jet-cloud interactions. 

Similarly, images of other powerful radio galaxies re¬ 
veal companion galaxies aligned along the direction of 
the aligned optical/UV emission. Examples include: 3C65 , 
3C266, 3C324, 3C356 and 3C368 ( |Dunlop fe Peacock 1993| ; 
Best et al. 1996, 1997). 

This suggests that the highest surface brightness struc¬ 
tures in radio galaxies may be aligned along a preferred di¬ 
rection, defined by mergers with compan ion galaxies. This 
is in agreement with the idea proposed by West (1994) , who 
suggests that powerful radio galaxies at high redshifts are 
formed by a hierarchical, highly-anisotropic merging pro¬ 
cesses. 


6 CONCLUSIONS 

We report the results from a study of the morphology, kine¬ 
matics and ionization structure of the powerful radio galaxy 
3C265. 

Our results show that different ionization mechanisms 
may dominate on different scales. We find that close to 
the nucleus the dominant ionization mechanism is AGN- 
photoionization. This is supported by the detection of the 
broad ionization cones predicted by the unified schemes. In 
contrast, as we move to large distances from the nucleus, 
jet-cloud interactions become the main ionization mecha¬ 
nism of the line-emitting gas, and the gas appears more 
closely aligned with the radio axis. The presence of a high- 
velocity cloud, located close to the passage of the radio jet 
and centred at approximately 2.5 arcsec (20 kpc) from the 
nucleus, shows that the effects of jet-induced shocks are still 
important in the nuclear regions. However, it is particularly 
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puzzling that this fast-moving gas presents a high ionization 
state; if the cloud is believed to have been shock-accelerated, 
it would be expected to have lower ionization state than the 
surroundings, but this is not observed. Clearly, more data 
are required to investigate this issue. 

In addition, our results suggest that the intrinsic distri¬ 
bution of the gas close to the nucleus ( < 60 kpc) in 3C 265 
is aligned along a preferred direction (misaligned with the 
radio axis), which may be the result of a highly-anisotropic 
merging process. On the other hand, at larges distances from 
the nucleus, where jet-cloud interactions dominate, the low- 
ionization emission-line regions align along the direction of 
the radio axis. 

Overall, our results demonstrate that a combination of 
mechanisms is required in order to explain the observed 
properties of the line-emitting gas in the haloes of radio 
galaxies. This confirms our previous results presented in 
Solorzano-Inarrea et al. (2001), which show evidence for 
shock-acceleration in the EELR of all the galaxies in a small 
sample, even those in which the shock fronts have passed the 
EELR and AGN-illumination would have been expected to 
dominate. 
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